Background: In the randomised Phase 3 IMpassion130 trial, atezolizumab combined with nabpaclitaxel (atezo + nab-P) in 902 patients with triple-negative breast cancer (TNBC) showed prolonged progression-free survival (PFS) in both the intention-to-treat (ITT) population and programmed death-ligand 1 (PD-L1)-positive subgroup compared with placebo plus nab-P (plac + nab-P). This study assessed the efficacy and safety of atezo + nab-P in the IMpassion130 Japanese subpopulation. Methods: Eligible patients had unresectable locally advanced or metastatic TNBC previously untreated with chemotherapy for metastatic disease. Patients were randomised 1:1 to receive either atezo + nab-P or plac + nab-P. Co-primary endpoints were investigator-assessed PFS and overall survival (ITT population and PD-L1-positive subgroup). These were also assessed in the Japanese subpopulation. Results: There were 65 Japanese patients (34 atezo + nab-P; 31 plac + nab-P). The PD-L1-positive subgroup included 25 patients (12 atezo + nab-P; 13 plac + nab-P). Median PFS was 7.4 months (atezo + nab-P) versus 4.6 months (plac + nab-P; hazard ratio [HR], 0.47; 95% CI, 0.25-0.90). In the PD-L1-positive subgroup, median PFS was 10.8 months (atezo + nab-P) versus 3.8 months (plac + nab-P; HR, 0.04; 95% CI, <0. 01-0.35). Safety results in the Japanese subgroup were consistent with those in the overall population. The Japanese subgroup had a lower incidence of adverse events leading to treatment withdrawal than the overall population. More patients in the atezo + nab-P arm had neutrophil count decreases and stomatitis than patients in the plac + nab-P arm. Conclusions: Atezo + nab-P efficacy in Japanese patients was consistent with the overall IMpas-sion130 population. No new safety signals were observed, and tolerability was consistent with that of the overall population.
Introduction
Triple-negative breast cancer (TNBC) is an aggressive disease with poor clinical outcomes (1) . Chemotherapy remains the standard of care for patients with TNBC, with most international guidelines recommending the use of single-agent taxane or anthracyclines for first-line therapy (2, 3) . The median overall survival (OS) in patients with TNBC is estimated to be ≤18 months (4, 5) and highlights the need for new treatments.
Programmed death-ligand 1 (PD-L1) expression has been reported to occur mainly on tumour-infiltrating immune cells (IC) in patients with TNBC (6, 7) , which leads to inhibition of anticancer immune responses (8, 9) . This makes TNBC a good candidate for immune checkpoint inhibition treatment strategies. Atezolizumab (Tecentriq, F. Hoffmann-La Roche/Genentech) is a humanised monoclonal anti-PD-L1 antibody that selectively targets PD-L1 signalling to restore tumour-specific T-cell immunity (9) . In the United States, it has been approved for use in the treatment of metastatic urothelial carcinoma as a monotherapy; in nonsmall-cell lung cancer as a monotherapy or in combination with bevacizumab, paclitaxel and carboplatin; and in small-cell lung cancer in combination with chemotherapy (10) .
In patients with TNBC, single-agent atezolizumab has been shown to have a good safety profile and encouraging clinical activity (11) . When used in combination with nab-paclitaxel chemotherapy in a Phase 1b study, atezolizumab demonstrated encouraging antitumour activity and a manageable safety profile in patients with metastatic TNBC (12) . These findings were further supported by the IMpassion130 trial (ClinicalTrials.gov: NCT02425891), which investigated the efficacy of the first-line atezolizumab plus nabpaclitaxel in patients with locally advance or metastatic TNBC (13) . The trial met its co-primary endpoint of progression-free survival (PFS), showing improved PFS in patients who were treated with atezolizumab plus nab-paclitaxel compared with placebo plus nabpaclitaxel in the intention-to-treat (ITT) population and the PD-L1-positive subgroup, and exhibited a safety profile in line with that of the individual agents. Interim OS analysis performed at the time of PFS final analysis showed that OS in the PD-L1-positive subgroup was also improved but not formally tested due to the study's prespecified hierarchical statistical analysis plan. On the basis of PFS improvement, accelerated approval was granted in the United States for the use of atezolizumab in patients with PD-L1positive metastatic TNBC. These data have also led to atezolizumab with nab-paclitaxel being listed as a category 2A recommendation in the National Comprehensive Cancer Network guidelines for breast cancer (2) .
Numerous studies have documented differences in responses to systemic therapies and toxicities between Asian and Caucasian patients with cancer, including breast cancer (14) (15) (16) (17) (18) . Recent data indicate that there is no difference in the efficacy and tolerability of atezolizumab between Japanese and non-Japanese patients with non-small-cell lung cancer (19) . Thus, it is of clinical interest to assess the efficacy and tolerability of atezolizumab in Asian, particularly Japanese, patients with TNBC compared with those in the global population. This subgroup analysis of the IMpassion130 trial examines the efficacy and safety of atezolizumab in the Japanese population.
Patients and methods

Study design
IMpassion130 is an international, randomised, double-blind, placebo-controlled trial of first-line atezolizumab plus nab-paclitaxel compared with placebo plus nab-paclitaxel in patients with locally advanced or metastatic TNBC. Details of the overall study design were previously reported (13) . The trial was conducted in accordance with Good Clinical Practice guidelines and the principles of the Declaration of Helsinki. Ethics approval was obtained from the institutional review board or ethics committee of each participating institution.
Patients
Key eligibility criteria for enrolment included being ≥18 years of age; having histologically confirmed metastatic or unresectable locally advanced TNBC (20, 21) that was measurable according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, as evaluated by a local institute; having an Eastern Cooperative Oncology Group performance status of 0 or 1; being eligible to receive taxane monotherapy and having no prior chemotherapy or targeted therapy for metastatic TNBC. However, prior chemotherapy, including taxanes, in the neoadjuvant or adjuvant setting was allowed if it was completed ≥12 months prior to randomisation. Key exclusion criteria were known central nervous system (CNS) disease, except for patients with asymptomatic treated CNS disease; treatment with systemic corticosteroids or other systemic immunosuppressive medications within 2 weeks prior to randomisation or anticipated requirement during the study, history of autoimmune disease and/or previous treatment with immune checkpoint-targeting therapies.
Treatments
Enrolled patients were randomly assigned in a 1:1 ratio to receive either atezolizumab (840 mg) or placebo, administered intravenously on days 1 and 15, combined with nab-paclitaxel (100 mg/m 2 body surface area), administered intravenously on days 1, 8 and 15 of every 28-day cycle. Randomisation was carried out using a permuted block method and an interactive voice/web response system. Patients received their assigned interventions until progression per RECIST 1.1 or the occurrence of unacceptable toxicity. In the absence of toxic effects, nab-paclitaxel was administered for at least six cycles. Discontinuation of atezolizumab, placebo or nab-paclitaxel could occur independently in the absence of disease progression, but dose reductions of atezolizumab or placebo were not allowed. To manage chemotherapy-related toxicity, prespecified dose modifications of nab-paclitaxel were permitted.
Assessments and endpoints
Tumour assessment was conducted at baseline, then every 8 weeks for 12 months and every 12 weeks thereafter. Follow-up for survival occurred every 3 months after treatment discontinuation. The primary endpoints were investigator-assessed PFS and OS and were assessed in both the ITT population and PD-L1-positive (PD-L1 ≥ 1% on IC) subgroup, using the VENTANA SP142 PD-L1 assay. Secondary endpoints were investigator-assessed objective response rate (ORR) and duration of response (DOR) per RECIST 1.1. Safety was evaluated per the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.
Statistical analysis
Details of the statistical analysis have been previously described (13) . Summaries of PFS and OS, including unstratified hazard ratios (HRs), estimated from Cox proportional hazards models and Kaplan-Meier estimates of the median were produced separately for each treatment group in the Japanese ITT and PD-L1-positive subgroups. ORR was summarised for the Japanese ITT and PD-L1-positive subgroups. As the present analyses of the Japanese subgroup are exploratory, P values are not reported for comparisons between treatment arms.
Results
Patients and treatments
Of the 902 patients randomised in the IMpassion130 trial, 65 were enrolled at Japanese centres between August 2016 and May 2017. Thirty-four were randomised to the atezolizumab arm and 31 to the placebo arm (Table 1) . One patient in the placebo arm discontinued the trial before administration of placebo and was therefore removed from the safety-evaluable population. The PD-L1-positive subgroup included 25 patients (12 in the atezolizumab plus nab-paclitaxel group and 13 in the placebo plus nab-paclitaxel group). The median duration of treatment with atezolizumab or placebo was 30.1 weeks (range, 4-81 weeks) and 18.6 weeks (range, 6-75 weeks), respectively ( Supplementary Table S1 ). The median duration of treatment with nab-paclitaxel was 28.6 weeks (range, 5-81 weeks) and 18.6 weeks (range, 6-75 weeks) in the atezolizumab-and placebo-treated groups, respectively ( Supplementary Table S1 ). Baseline characteristics in the Japanese subgroup were largely balanced between both treatment groups except for age, presence and site of metastatic disease and previous therapy (Table 1) .
Efficacy
In Japanese patients from the overall ITT population, median investigator-assessed PFS was 7.4 months (95% CI, 5. Fig. 2A) .
In the PD-L1-positive subgroup, median PFS (investigator assessed) was 10.8 months (95% C], 5.6-10.9) in the atezolizumab plus nab-paclitaxel group compared with 3.8 months (95% CI, 3.3-5.5) in the placebo plus nab-paclitaxel group (HR, 0.04 [95% CI, <0.01-0.35]) (Fig. 1B) . Median OS was NE in the atezolizumab group compared with 13.3 months (95% CI, 11.6-13.3) in the placebo group (HR, 0.12 [95% CI, 0.01-0.99]) (Fig. 2B) .
In the ITT population of the Japanese subgroup, the investigatorassessed ORR was 67.6% (95% CI, 49.5-82.6) in the atezolizumab plus nab-paclitaxel group compared with 51.6% (95% CI, 33.1-69.9) in the placebo plus nab-paclitaxel group ( Table 2 ; Supplementary Fig. S1 ). Investigator-assessed ORR in the PD-L1-positive subgroup was 75.0% (95% CI, 42.8-94.5) in the atezolizumab plus nab-paclitaxel group compared with 53.8% (95% CI, 25.1-80.8) in the placebo plus nab-paclitaxel group. The median DOR in the ITT population of the Japanese subgroup was 5.6 months (95% CI, 3.7-9.1) and 3.7 months (95% CI, 3.6-5.6) in the atezolizumab plus nab-paclitaxel and placebo plus nabpaclitaxel groups, respectively ( Table 2 ; Supplementary Fig. S2 ). Median DOR in the PD-L1-positive subgroup was 9.1 months (95% CI, 7.3-NE) and 3.7 months (95% CI, 1.9-5.5) in the atezolizumab plus nab-paclitaxel and placebo plus nab-paclitaxel groups, respectively.
Safety
The incidence of all-cause adverse events in Japanese patients was comparable to that in patients from the overall IMpassion130 population (Table 3) ITT, intention-to-treat; PD-L1, programmed death-ligand 1. a Investigator assessed. cause death, serious adverse events and adverse events leading to any treatment withdrawal in Japanese patients than in the overall population. There were no treatment-related deaths or adverse events leading to the withdrawal of atezolizumab or placebo in Japanese patients. However, there was a higher rate of adverse events leading to any dose reduction or study treatment interruption in both treatment arms in the Japanese subgroup (atezolizumab plus nab-paclitaxel: 64.7%; placebo plus nab-paclitaxel: 56.7%).
The most frequent all-grade adverse events were alopecia (atezolizumab plus nab-paclitaxel: 85.3%; placebo plus nabpaclitaxel: 86.7%), peripheral sensory neuropathy (atezolizumab plus nab-paclitaxel: 58.8%; placebo plus nab-paclitaxel: 50.0%), nausea (atezolizumab plus nab-paclitaxel: 47.1%; placebo plus nabpaclitaxel: 40.0%) and decreased neutrophil count (atezolizumab plus nab-paclitaxel: 44.1%; placebo plus nab-paclitaxel: 33.3%) ( Table 4 ). Grade ≥ 3 adverse events were reported in 13 patients (28.2%) in the atezolizumab plus nab-paclitaxel group and 12 patients (40.0%) in the placebo plus nab-paclitaxel group. The treatment-related serious adverse events were hepatitis (atezolizumab plus nab-paclitaxel: 2.9%; placebo plus nab-paclitaxel: 0%), dyspnoea (atezolizumab plus nab-paclitaxel: 2.9%; placebo plus nab-paclitaxel: 0%), inappropriate antidiuretic hormone secretion (atezolizumab plus nab-paclitaxel: 2.9%; placebo plus nabpaclitaxel: 0%), cholecystocholangitis (atezolizumab plus nabpaclitaxel: 0%; placebo plus nab-paclitaxel: 3.3%) and dermatomyositis (atezolizumab plus nab-paclitaxel: 0%; placebo plus nabpaclitaxel: 3.3%) ( Supplementary Table S3 ).
All-grade adverse events of special interest were reported in 21 patients (61.8%) in the atezolizumab plus nab-paclitaxel group and 15 patients (50.0%) in the placebo plus nab-paclitaxel group (Table 3 ). Most adverse events of special interest were grade 1-2, regardless of the treatment group. There were no patients in the atezolizumab plus nab-paclitaxel arm and two patients (6.7%) in the placebo plus nab-paclitaxel arm with grade 3-4 adverse events of special interest. Similarly, treatmentrelated grade 3-4 adverse events of special interest were only observed in two patients (6.7%) in the placebo plus nab-paclitaxel arm. The most frequently occurring adverse events of special interest were rash (atezolizumab plus nab-paclitaxel: 44.1%; placebo plus nab-paclitaxel: 30.0%), hypothyroidism (atezolizumab plus nab-paclitaxel: 17.6%; placebo plus nab-paclitaxel: 3.3%) and hepatitis based on laboratory abnormalities (atezolizumab plus nab-paclitaxel: 14.7%; placebo plus nab-paclitaxel: 26.7%) ( Table 5 ).
Discussion
Efficacy results (PFS and OS) in the Japanese subgroup were numerically consistent with those in the overall IMpassion130 population ( Supplementary Table S2 ) (13) . Additionally, the median PFS observed in the placebo plus nab-paclitaxel arm of the Japanese subgroup was comparable to that previously reported in other studies with taxane monotherapy (22) (23) (24) (25) . ORR results in both treatment arms of the Japanese subgroup were numerically higher than the ORRs reported in the overall IMpassion130 population (atezolizumab plus nab-paclitaxel: 56.0%; placebo plus nab-paclitaxel: 45.9%) (13) . A smaller proportion of Japanese patients received prior neoadjuvant or adjuvant therapy than the overall IMpassion130 population (atezolizumab group: 55.9% versus 63.0%, respectively; placebo group: 35.5% versus 63.4%, respectively) (13). However, this was not expected to affect the interpretation of our data, as subgroup analysis data from the overall population showed similar treatment effects in patients who did and did not have prior therapy. Median DOR in both treatment arms (atezolizumab plus nab-paclitaxel: 5.6 months [95% CI, 3.7-9.1]; placebo plus nabpaclitaxel: 3.7 months [95% CI, 3.6-5.6]) was shorter than that reported in the overall IMpassion130 ITT population (atezolizumab plus nab-paclitaxel: 7.4 months [95% CI, 6.9-9.0]; placebo plus nab-paclitaxel: 5.6 months [95% CI, 5.5-6.9]). However, the median DOR in the atezolizumab-treated PD-L1-positive subgroup was similar to that in the overall IMpassion130 population (9.1 months [95% CI, 7.3-NE] versus 8.5 months [95% CI, 7.3-9.7], respectively), while the median DOR in the placebo-treated PD-L1positive subgroup was shorter than that in the overall IMpassion130 (13) . Notably, the median DOR observed in PD-L1-positive patients who received atezolizumab plus nabpaclitaxel in this subanalysis was longer than that observed in both the placebo-treated arm and other studies of taxane monotherapy in patients with metastatic TNBC (22, 25) . There were no specific safety concerns with the use of atezolizumab in the Japanese population. Safety results in the Japanese subgroup population were consistent with the overall population, although there was a higher incidence of alopecia, peripheral sensory neuropathy, decreased neutrophil count, nasopharyngitis and decreased white blood cell count and a lower incidence of fatigue than in the overall population. Higher incidences of neutropenia and peripheral sensory neuropathy in Japanese and Asian patients have also been reported in other clinical trials (24, (26) (27) (28) (29) . Overall, atezolizumab was well tolerated with no treatment-related deaths, although more patients in the atezolizumab arm had neutrophil count decreases, nasopharyngitis, white blood cell count decreases, stomatitis, vomiting and pruritis than patients in the placebo arm. There were no treatment-related deaths or adverse events leading to atezolizumab withdrawal in Japanese patients. The frequency of all-grade adverse events of special interest in both arms of this subanalysis (atezolizumab: 61.8%, placebo 50.0%) was similar to that in the overall population (57.3% and 41.8%, respectively) (13) . However, in the Japanese subgroup, no grade 3-4 adverse events of special interest were observed in the atezolizumab arm and two events (6.7%) were observed in the placebo arm compared with 34 events (7.5%) and 19 events (4.3%), respectively, in the overall population. Compared with the overall IMpassion130 population, the Japanese subgroup had lower rates of adverse events leading to treatment discontinuation and higher rates of adverse events leading to any dose reduction or study treatment interruption. This suggests that these adverse events could be mitigated with appropriate dose intervals for treatments. The dose of nab-paclitaxel used in this study was different from that recommended in the Japanese treatment guidelines for TNBC (i.e. 260 mg/m 2 every 3 weeks). Notably, the observed incidence of peripheral sensory neuropathy in this subanalysis (50-58.8%, all-grade) is lower than previously reported rates from other Phase 2 and 3 trials in Japanese patients (76-88%, allgrade) (24, 30) , so nab-paclitaxel 100 mg/m 2 weekly appears to be tolerable in Japanese patients.
Limitations
This study is limited by its small sample size, which limits the interpretation of the comparisons between the Japanese subpopulation and the overall patient population in the IMpassion130 trial. Also, the current subgroup analysis was not powered for efficacy comparisons. In this subanalysis, the number of patients who had received prior therapy was unbalanced between the atezolizumab and placebo treatment arms. However, the subgroup analysis of the overall IMpassion130 population showed similar treatment effects between patients who did or did not received previous therapy (13) . Thus, the imbalance observed in the Japanese subgroup is not expected to have affected the efficacy results observed.
Conclusion
This report has provided new insights on the efficacy and safety of atezolizumab in Japanese patients with TNBC and the comparability of the Japanese subgroup data with that of overall IMpassion130 population. These findings may help to optimise the use of atezolizumab plus nab-paclitaxel as the standard of care for Japanese patients with TNBC.
